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INFLUEKE OF WEATRER ON CROP YIELDS . 
A Review of Agro-meteroloaistsl Research 
Economists1 i n t e r e s t  i n  the study of crop-weather re la t ions  is of 
r e l a t i ve ly  recent o r ig in  and r e f l e c t s  the  growmg rea l i s a t ion  tha t  the 
effect  of weather needs t o  be taken out  of the  observed behaviour of crop 
yields  before the contribution of technology and inputs can be properly 
evaluated. However, t h e i r  work on the subject  shows l i t t l e  awareness of 
the research already done by agr icu l tura l  s c i e n t i s t s  and agro-meterologists, 
o r  of the  painstaking e f f o r t  which went in to  the col leot ion of the relevant 
bas ic  data. The Seminar on D a t a  Base and Methodology f o r  Study of Growth 
Rates in Agriculture, organised und-r the auspices of the  Indlan Society 
of Agricultural  Economics, suggested t h a t  a br ief  c r i t i c a l  review of the 
pas t  s c i e n t i f i c  work on crop-weather r e l a t i ons  should be prepared and 
published along with t he  papers discussed at the Seminar. The present review 
was prepared in response t o  t h i s  suggestion. It i s  far from exhaustive: 
Much of the  work i s  reported i n  special ised journals which are  not e a s i l y  
accessible t o  readers outside the profession. Though l imited t o  a few 
papers, it is believed t h a t  the review covers awide  enough cmss-section 
t o  give the main contours of past  research i n  this f i e l d .  A t  the end of 
the  paper i s  a bibliography somewhat wider in coverage than the contributions 
reviewed but still f a r  from comprehensive. 
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The subject of crop-weather r e l a t i ons  has a t t r ac t ed  a t ten t ion  of 
Indian Sc ien t i s t s  f o r  several  decades. While sone work has been done by 
agr icu l tura l  s c i e n t i s t s  (notable examples being Harold Mann 1955, 
Kalamkar and Satakopan 1940, and Kanitkar 1960) the main centre of research 
on orop wea-Cher r e l a t i ons  during the pas t  half-a-century has been the 
Indian Meterological Department (IMD). To encourage a proper scientific 
study of the r e l a t i on  between weather and plants a separate divis ion 
of Agricultural  Meteorology was s t a r t ed  in 1932 and i t s  pioneering work has 
been widely recognised. In  i t s  ea r ly  years -the Division w a s  mainly. 
concerned with macro-analysis of d i s t r i bu t ion  and v a r i a b i l i t y  of r a i n f a l l ,  
and estimation of evaporation and crop-weather requirements as  well as  
with micro studies of c l imat ic  var iables  near the  ground t o  improve under- 
standing of the environment affect ing p lan t  growth (~amdas 1960). In 
1945, the  ICAR launched an All  India Coordinatei Crop Weather Scheme 
(AIGWS) . Under t h i s  scheme specialised meterological obsamator ies  were 
s e t  up f o r  "systematic recording of crop-weather observations on paddy, 
wheat and jowar, at a net  work of selected experimental farms throughout 
the country". These observatories were l a t e r  extended t o  sugar cane and cotton 
as  well. The object of the scheme was t o  "formulate, i n  quant i ta t ive  terms, 
the e f f e c t  of dif ferent  growth f ac to r s  on the growth and y ie ld  of crops 
under observation. ...If (Mallik, 1958, p.30). 
The A l l  India Crop Weather Scheme 
A t  i ts  peak ac t iv i ty ,  there were 125 observctories under t h i s  scheme, 
of which 50 oentres recorded detai led and systematic observations,  on a 
uniform basis, regzrding the growth and yield  of selected crops as  well as  
the meterological f ac to r s  experienced by the crops during i t s  l i f e  cycle. 
It i s  useful to  know the scope and design behind t h i s  endeavour. 
" A t  each s t a t i on ,  two va r i e t i e s  of the  crop under observation 
are  grown according to  the following layout plan, with 6 plots  under 
each variety.  
V = I Variety 1 
V = I1 Variety 2 
"The s i ze  of the  p lo t  is 1/40 acre. The sampling u n i t  i s  8 f t  
length (ultimate un i t s )  i n  adjacent rows. Three such samples axe 
selected by randomization from each half  of the p lo t ,  giving 36 
samples o r  72 ultimate uhits, f o r  eaoh variety.  The two end plants  
cf each ult imate u n i t  come under measurement. 
"The height measurements are  thus made on 144 plants  i n  all, f o r  
sach var ie ty ,  se lected by randomization. The height i s  measured from 
the ground upto t h e  base ( juncwre)  on the topmost. f u l l y  opened leaf.  
The height values represent the average of t he  heights from the ground 
t o  juncture of the top most f u l l y  opened l e d ,  based on the measurements 
made on 144 plants  of each v,?xiety selected by randomization, a t  a 
time when the height of the crop has reached the maximum. The y i e ld  
values, however, a r e  based on the y i e ld  of a l l  the s i x  p lo t s  of each 
var ie ty ,  2oded  together." (Mallik. 1958, ~ . 3 7 7 ) .  
"The data a r e  tabulated on standard printed forms, according t o  
standard weeks and periods of the "Growers Year". The advantage of 
using the "Grower Year" i s  t ha t  each st-nd-week of the year covers 
the same calender dates every year and it is ,  therefore ,  convenient t o  
obtain normals f o r  each standard week, when data f o r  a sufficient 
la rge  number of years are  accumulated. The tabulated data are 
promptly sc ru tmised  a t  the off lce  of the Director of Agricultural 
Meterology and care i s  taken to  ensure t ha t  the  accumulating da ta  
remain f r ee  of any serious shortcomings. 
"After scrutiny,  both the meterological and the crop d a t a , '  f o r  each 
crop, f o r  eaoh year are  represented p i c t o r i d l y  i n  crop-weat,.-.r 
diagrams.... Such diagrams summerise a we&h c f d a t a  ddpicting the 
l'ife h i s tory  of the crop from sowing to  harvest ,  indicating thc dates  
~f.commencement and completion of various growth phases such ac 
erminaticn, t i l l e r i n g ,  o r  branching, elongation, flowering md y ie ld  
Mallik, 1958 a, pp 32-37) 7 
One cannot but be impressed by the care and imagination which 
evidently went i n to  the design of the crop weather observations. A 
l a rge  mass of information w a s  collected from the 59 s t a t i ons  f o r  
periods ranging from.? t o  20 years. But, f o r  reasons which'are not 
very c lear ,  the  co l l a t i on  and publication of the data  i n  the  
standardised format was ra ther  f i t f u l  and incomplete. The crop-we~ther 
scheme i n  i t s  o r ig ina l  form was discontinued from the l a t e  s ix t ies .  
The present posi t ion i s  explained by Sarkar thus: 
"In the last two decades, large changes have taken plaoe i n  the  
country i n  Agricultural  Production Technology. Old crop va r i e t i e s  
and the agr icu l tura l  operations have also undergone substant ia l  
changes. To be i n  tune with and t o  ca t e r  to  the  need of these new 
developments, the precis ion crop-observations a r e  being replaced 
by those requiring the recording of simple observations on the 
growth, development and yield  of important crop v a r i e t i e s  from 
a l l  ag roae t e rc log ica l  s ta t ions ,  such tha t  e n o ~ h  da ta  becrmes 
avai lable  f o r  analysis  in a short  period of time....The information 
col lected from the.network of observatiocs is also being mapped 
f o r  issue as  an Agro-climatic atlas of India. The crop and meteo- 
rological  da ta  under the crop weather scheme a re  being published 
i n  the form of crop-weather diagrams, which a re  a f ac tua l  summary 
of the  week by week progress of the  crop growth and the weather 
conditions experienced by it" ( ~ a r k a r  1977, 2) 
Precise information on the data col lected under the  new scheme, t h s  
format of presentation and the nature of the publ ic - t ion  a re  not 
available.  
Anal.vtica1 Work.on Crop-weather re la t ions  
The empirical work on crop-weather re la t ions  i s  l a rge ly  on the AIC ' IE  
data. Reviewing the s t a t u s  of this work, Sa2kar reported: 
"Some ten ta t ive  crop-weather re la t ionships  have been estzblished 
with respect t o  the crops a t  clifferect crop weather s ta t ions  by 
applying s t a t i s t i c a l  methods. Response of a few crcps in yield t o  
d i s t r ibu t ion  of r a i n f n l l  during the l i f e  cycle of +he crop has also 
been obtained. Similar s tudies  i n  relat?on t o  other  meterologkai 
paranetem l i k e  maximum temperature, sunshine c-nd humidity are  
i n  progress" ( ~ a r k a r ,  1977, Ibid). 
Some of the ea r ly  attempts a t  analysing AICWS data used r e l e t i v e l y  
simple techniques t o  g e t  an idea of yield-weather re la t ions .  For instance 
Mallik' (1958) examined 9 years data  f o r  three crops a t  t he  Dharwar Reseuch 
S ta t ion  and found t h a t  the two years when the wheat y i e ld s  were very low 
due t o  a rust at tack,  the number of hours of br ight  sunshine days during 
November was abnormally low. From this he concluded t h a t  "unseasonal ra in  
and cloudy conditions created conditions favourable f o r  severe rus t  
attacks". G n  the other  hand i n  jowar, on the basis  of a comparison of 
r a i n f a l l  during the growing season in two years of very good hames t  with 
that in two years of very poor harvests,  he argued t h a t  "jowar crop a t  
Dharwar is r a the r  susceptible t o  excessive r a i n  during the growing period". 
Using a similar approach it was fu r the r  suggested tha t  "spe l l  of cloudy and 
rainy weather extending over 3 consecutive weeks during the growing season 
of cotton appeers t o  cr3ate  cmdi t ions  favourable-for pes t s  1J.k~ h a t  
In another paper Rillik e t  al (1958) attempted a more elaborate 
analysis of 10 years da ta  r e l a t i ng  to  jowar from 5 s ta t ions .  They-pa- 
par t ly  f o r  lack of any other  basis ,  t h a t  optimum amount and d i s t r i bu t ion  
of r a i n f a l l  durlng the growing perlod of kharif jowar, i s  approximated 
by the  amount of r a i n f a l l  and i t s  d i s t r i bu t ion  (in each of 12 weeks pr ior  t o  
~ a r - e m e r m e ) . c  They:. then e s tma ted  the correla t ion coeff ic ients  between 
(a) height and yield;  (b) the  percentage of the deviation of actual  weekly 
r a i n f a l l  during the growlng period in each year from the  r a i n f a l l  in 
corresponding weeks of t he  "optimum" year (i.e. t he  year of the maximum 
y ie ld  in the sample) and the percentage deviation from the maximum height; 
and (c) deviation in r a i n f a l l  from year of optimum y ie ld  and deviations 
from optimum yie ld  using a similar pmoeduw as i n  (b). He found the 
correla t ion coeff ic ient  (a) t o  be s ign i f i can t ly  posi t ive  (0.59), and 
(b) and (c) t o  be s ign i f ican t ly  negative (0.42 and 0.51 respectively). 
The cor re la t ion  coef f ic ien t  of yie ld  and r a i n f a l l  on height w a s  a l so  
s ign i f i can t ly  negative (-0.35). Apart from the f a c t  t h a t  therc i s  no 
e x p l i c i t  a p r i o r i  basis  f o r  the r e l a t i o n  sought t o  be estimated, t he  
analysis ,  as ab3e .authors .' recognise. i s  l imited and t en t a t ive  as  it  
does not  consider the e f fec t s  of other meterological v a r i a t l e s  o r  t he  
e f f e c t s  of rainfall and other met f ac to r s  between ea r  emergence and 
harvest ,  and because it is based on pooling of observations from d i f f e r en t  
s t a t i ons  with varying agro-climatic conditicns and possibly d i f f e r en t  
v a r i e t i e s  of each crop. 
A subsequent paper (Mallik e t . a l  19'60) attempted a ra ther  more 
elaborate analysis of data  f o r  cotton from sode 12 s ta t ions .  Here again, 
the s t a t i cns  were pooled in to  two g r o ~ p s  (on the bas i s  of r a i n f a l l  in 
the reproductive period) t o  get  n sc f f i c i en t  number of observations f o r  
studying correla t ions  between (a) d i f fe ren t  &owth f ea tu re s  and yield;  
and (b) meteorological f ac to r s  and some mowth features.  In both groups 
, .  
of d i s t r i c t s ,  the  selected growth fea tures  (germination r a t e s ,  number 
and height of plants  at f i r s t  picking, number ;f branches, t o t d  number 
of flowers and of bo l l s  at first were found t c  explain more 
than 92 per cent of the  y ie ld  var ia t ions .  Of the meteorolcgical var iables ,  
the correla t ion analysis  found tha t  f o r  one group of statims (i) greotcr 
r a i n f a l l  during the four  weeks preceeding the branching period, as  well as 
during the  period, and more ra iny days during branching increased the 
number of branches; (ii) greater  r a i n f a l l  and more ra iny days during b o l l  
f o r m t i o n  reduce the  number of bo l l s  avai lable  per picking; and (iii) 
higher maximum temperatures during b o l l  formatLon tend t o  increase the 
number of bo l l s  f o r  picking. In the  second group of d i s t r i c t s  the 
r e l a t i ons  are  much l e s s  clear:  Greater sunshine during the four weeks 
p r io r  t o  germination seems to  increase the germination r a t e ,  while more 
sunshine during b o l l  formation has a marked negative e f f ec t  on the 
number of bo l l s  picked. 
'Phis kind of analysis  w b h  t r i e s  t o  scan the s t rength  and pa t te rn  
of r e l a t i ons  betwee$ a vaciety  o f  me t~~va r i ab l e s  whSch a r e  expected on 
a p r i o r i  grounds t o  a f f e c t  y ie id  i s  valuable especial ly  when 'there i s  no 
well-formulated hypothesis on the precise nature of the  reiationshlp.  The 
problem pcsed by pooling of observations could be overcome once suf f ic ien t  
number of observations a r e  aveilable f o r  a par t icu la r  va r i e ty  and station.  
But t h i s  approac:; was z p p a e n t l y n o t  pursued very fa r .  A t  any r a t e  the  
next major paper on the subject  i s  already cas t  in the framework o f .  
regression analysis. 
The simplest of these estimates a l i n e a r  regression of y i e ld  on 
the values of selected met variable= during selected "sensitive" periods 
on the basis ijr se lec t ion  of met var iables  o r  of the regression(5Z'eenivasan 1973 
T h & ~ d ~ e - - e e e m ~ ~ t O  -invo3\reLitcreening fihe &l&t&m b e k e e n  week?L$~rakal l  
and yield ,  and choosing those which gave s t a t i s t i c a l l y  s ign i f ican t  corre- 
l a t i o n  coefficients.  In order t o  a r r ive  at the periods of r a i n f a l l  
c r i t i c a l  to  yie ld ,  a f u r t h e r  s e 1 e c t i o n . i ~  made from among these "by an 
elimination process and from considerations of crop physiology". The 
d e t a i l s  of the procedure are  unfortunately not reported in the paper. 
The d e t a i l s  are  presumably reported i n  Sreenivasan's Ph.D thes i s  (1970). 
Incidentally,  f o r  the two s ta t ions  f o r  which t h i s  approach w a s  t r i ed ,  
Sreenivasan reports  .a multiple correla t ion 'coefficient of 0.66-0.68. 
In another paper Sreenivasan and Banerjee (1973) present the 
r e s u l t s  of a l i n e a r  multiple regression of the y i e ld  of r a b i  jowar i n  
Raichur on mean maximum temperature, mean minimum temperatiire, . to ta l  
r a i n f a l l  and no. of ra iny  days. The multiple cor re la t ion  coef f ic ien t  i s  
-around 0.54 but no fu r the r  d e t a i l s  (e.g. the s t a t i s t i c a l  significance of 
t he  coeff ic ient ,  o r  the  basis  f o r  the  model chose) a r e  available. 
The paper then goes on t o  experiment with the "multiple curvi l inear  
regression" technique evolved by Ezekiel and Fox (1965) on the same body 
observations. The s t a r t i n g  point i s  the l i n e a r  multiple regression of 
the  standard type. 
h i l e  t h i s  is a usefu l  f i r s t  approximation, the r e l a t i on  between Y and 
each of the  independent var iables  m a y  have d i f fe ren t ,  and not  necessar i ly  
l i nea r ,  forms. The t rue  re la t ionship i n  other words would be of the 
following form. 
where f l  (x?) e t c  may have d i f f e r en t  forms, not necessar i ly  l inear.  The 
nature and shape of f i  (xi) a r e  got by a process of sbccessive approximtion 
using free-hand curves. The d t i p l e  and p a r t i a l  cor re la t ion  coeff ic ients  
a r e  then estimated by feeding the f r e e  hand approximation of the curvi- 
l i n e a r  functions i n to  equation (2). 
The method i s  found to  explain a much higher proportion of the 
observed var ia t ions  i n  jowar yields  i n  Raichur than the l i n e a r  regression. 
2 .  But a high R 1s not a suf f ic ien t  bas i s  f o r  selecting'bne "modelfl over 
another even when standardised and objective techniques of curve-fi t t ing 
are  available. Such techniques have not been developed f o r  curvi l inear  
regression. Ezekiel and Fox, s t ress ing  the l imita t ions  of this technique, 
said: 
"The r e s u l t s  of the  corn y ie ld  analysis  apply only t o  the  same area 
from which the  data  were drawn and t o  the period they covered. 
Thus they providwno basis f o r  estimating corn yield  in other 
seasons, and t h e y  use i n  estimating yield  i n  other periods - a s  
i n  subsequent year - i s  attended by increasing r i s k  due especial ly  
t o  the necessity of extrapolating the trend regression.. . ." (pp 240-241). 
In any event, unless the underlying model i s  firmly grounded on theoret ical ly  
sound and consistent hypotheses derived from the re levant  d i sc ip l ines ,  i t s  
u t i l i t y  f o r  understanding crop-weather re la t ions  remains doubtful no matter 
2 how high the R. 
Some zttempts have also been made to  apply what i s  called the 
" r e ~ r e s s i o n  in tegra l  technique" developed by Fisher  (1924) f o r  analysing 
crop-wezther re la t ions .  An c=ly a d  f requent ly  c i t ed  example of this i s  
the paper by Kalarnkar and Satakopan (1940). There were a lso others e.g. 
Nair and Bose (1945)~  Acharya e t  a1 (1 960) and Gangopadhyay and Sarkar 
(1965). But none of thcse was avai lable  f o r  reference. The only two 
papers in t h i s  category which the author could get  a r e  those of Sreenivasan 
(1973) and Shaha and Banerjee (1975) who applied the technique to  
analyse AICGS data f o r  cotton i n  Madhya Pradesh ( ~ n d o r e  and Khandwa) and 
Coimbatore respectively. 
' The technique i s  meant t o  "take in to  account not only the t o t a l  
amount of r a i n f a l l  during a cer ta in  period but a lso the manner in 
which it i s  d is t r ibu ted  over the  period under consideration". The basic 
r e l a t i on  between y i e ld  and met f ac to r s  are  c a s t . i n  the l i n e a r  form thus: 
When Y stands per yield; rlr2 -..r the values of a meteorological n 
fac tor  r i n  period n, and the periods represent equal sub-divisions 
of the  t o t a l  period over which the e f f e c t  of the  met f a c t o r  is t o  be studied; 
and the pa r t i d l  regression coeff ic ients  a a e t c  give the responses of 1 2' 
r l '  =-2 e t c  on yield. A t  t he  limit, when the duration of 'each time in t e rva l  
is very s m a l l ,  (1) becomes 
T 
Y = C +  a rd t  ........ (2) 
0 
For each met f a c t o r  r, Meteorological Dis t r ibut ion Constants (MDCS) 
. . 
are  "estimated - f o r  each year by f i t t i n g  an orthogonal polynominal of the 
5 t h  degree in tune t o  the  values r,,r 2-......m.ll 
~ ' i e l d  response to  the  MDCs ( A ~ ,  A,.. .) assuned t o  take the following polg- 
nominal form. 
I n  czrder t o  estimate I1 B , yie ld  is regressed on A ,A 
0 1 0 1 """; 
Y BOAo + B A + .......+ B A 1 1  5 5 (5) 
Both papers also examine the da t a  t o  see whether there  is any s i g n i f i c v l t  
u.-..lnr oha.nge in yield  aLd/or t h s  ivmCe; and describe a proc-dure f o r  
el-irninating m~ch trends. 
s t rength (though not i n  sigh) between the two s ta t ions  studied. The proportion 
of variance explained by t h i s  technique (0.55 t o  0.6j)is  actual1 lower t h m  
t h a t  of the simple l ine= regression of yie ld  on the values selected met 
var iables  in different  stages of czqp growth (0.66-0.67). Both techniques nre 
reported t o  do e q u d l y  well when judged by the closeness of the predicted t o  
the  ac tua l  yie ld  levels .  
Shaha and Banerjee examined t h e  e f f e c t  of r a i n f a l l ,  
humidity, sunshine,  ruaximum and minimum tempsratures,  each 
taken separa te ly  (and consider ing t h e  va lues  of each va r i ab l e  
over the e n t i r e  growing season)  on co t ton  y ie lds .  Sone of t h e  
main conclusions of t h e i r  a n a l y s i s  a r e :  While t h e  s ign i f icance  
of the e f f e c t  of r a i n f a l l ,  sunshine and maximum temperature 
(on y i e l d )  could n o t  be e s t ab l i shed  c l e a r l y  t he re  i s  ind ica t ion  
t h a t  "more sunshine during t h e  crop per iod and more r a i n f a l l  
upto the middle of January were b e n e f i c i a l ;  m o r e r e l a t i v e  
humidity during elongat ion and branching pe r iod .  i s . -usef  u l  fo r  
cropn; and "minimum temperature plays the most important  r o l e  
i n  explaining about  72% of  t h e  t o t a l  v a r i a t i o n  i n  co t ton  y ie ld" .  
  hah ha nnd Banerjee,  1975 p. 524) 
It is obviously d i f f i c u l t  t o  judge the e f f ec t iveness  of 
t he  regression i n t e g r a l  technique i n  r e l a t i o n  t o  o t h e r s  on the 
b a s i s  of these two app l i ca t ions .  Nevertheless a t  t h e  conceptual 
l e v e l  t he  major l i m i t a t i o n s  of t h i s  metho2, a t  any r a t e  as appl ied 
so  f a r ,  i s  t h a t  i t  e s t ima te s  t he  e f f e c t  of each met f a c t o r  !and 
i t s  time d i s t r i b u t i o n )  on y i e l d  s epa ra t e ly ,  b u t  no t  i n  combination. 
This would r equ i r e  a more complicated model of t he  r e l a t i o n  between 
y i e l d  on the one hand and d i f f e r e n t  n e t  f a c t o r s  and t h e i r  d i s t r i -  
butions taken i n  combination on the o ther .  The s inp le s twou ld  be 
an add i t i ve  nodel i .e . ,  one which pos tu l a t e s  t h e  s epa ra t e  e f f z c t  
of each met v a r i a b l e ,  l i k e  those o f  t h e  values of any ~ a r t i s u l a r  
met f a c t o r  i n  d i f f e r e n t  p a r t s  of t h e  growing senson, a r c  independznt 
of each other .  This  can of course be questioned. For inst:mce the?+ 
i s  s t r o n a  reason t o  be l i eve  t h a t  t h e  adverse e f f e c t  of moisture 
s t r e s s  a t  d i f f e r e n t  s t a g e s  of crop growth tend t o  be cumulative 
r a t h e r  than  add i t i ve   inha has e t  a1  1974). Thirdly. s i n c e  the  
s tudy i s  meant t o  examine t h e  r e l a t i o n s h i p  between t h e  two on 
t h e  b a s i s  of da t a  from experiments s p e c i f i c a l l y  des i sned  t o  
con t ro l  f o r  a l l  i n f luences  on y i e l d  o the r  than t h e  met f a c t o r s ,  
t he  r a t i o n a l e  f o r  t h e  e l imina t ion  of t rends  i n  met v a r i a b l e s  
and y i e l d s  is n o t  c l e a r .  
Fo recas t inz  Crop Yields on the b a s i s  of Weather Parameters 
I n  1945 the Agro-meteorolgy Division of t he  I M D  s t a r t e d  
prepar inq monthly crop-outlook assessments based on t h e  week-by- 
week progress  of weather f o r  use  of t he  Minis t ry  of Food and 
Agricul ture .  More r ecen t ly ,  e f f o r t s  a r e  being made t o  develop 
techniques f o r  q u a n t i t a t i v e  crop y i e l d  f o r e c a s t s  on the  b a s i s  
of "long s e r i e s  of pas t  crop y i e ld  da t a  and meteorological  
parameters". "Reyression formula connectin.: crop y i e l d  and 
weather parameters i n  c r i t i c a l  crop periods have been developed 
t o  f o r e c a s t  the  y i e l d s  of Kharif Rice i n  22 meteorological  
sub-divisions and wheat i n  9 sub-divisions.  " ( ~ e r k e r ,  1977, 
p.7) We have reviewed two of these s t u d i e s   as and Vidhate 
1972, and Das e t  a l ,  1971) to  i l l u s t r a t e  the  methodolo+y. 
The first paper r e l a t e s  t o  wheat i n  U t t a r  Pradcsh taken 
as a whole. Dats r e l a t i n g  t o  sverase  y i e l d  per ac re  and average 
r a i n f a l l ,  temperature (maximum, ninimm, and mean) and llumidity 
during t h e  growing season f ron  1921 t o  1966 have been used i n  the  
.. . 
.knalysis. &e average yie'ld is c o r r e l a t e d  wi th  the above met 
va r i ab l e s  i n  d i f f e r e n t  phases of t h e  crop. 
"To g e t  t he  periods i n  which meterological  f a c t o r s  
have a s i g n i f i c a n t  e f f e c t  on y i e ld .  t he  l i n e a r  c o r r e l a t i o n  
between y i e l d  a d  r a i n f a l l ,  temperature and humidity have 
been worked out  f o r  overlapping per iods of seven days t o  
n ine ty  days of t h e  crop qrowing season.. . . . . A l l  t h e  
co r r e l a t i ons  have been exsmined and from them the  periods 
i n  which a  p a r t i c u l a r  weather element i s  s i g n i f i c a n t l y  
cor re la ted  wi th  y i e l d  a r e  marked out.  By us ing  these 
f ac to r s ,  t he  mul t ip le  c o r r e l a t i o n  with y i e ld  has  been 
calculated.  Some of t h e  f a c t o r s  used a re  n o t  s i g n i f i c a n t  
a t  5% l eve l .  I n  order  t o  f i n d  out  t h e  combination i n  which 
the  parameters used a r e  a l l  s i g n i f i c a n t  a t  l e a s t  5% l e v e l , .  . .. 
mult iple  c o r r e l a t i o n  c o e f f i c i e n t s  of a l l  combinations ( a r e  
ca lcu la ted)  dropping gradual ly  one o r  nore v a r i a b l e s  till 
a  combination i s  found out  where a l l  parane te rs  used a r e  
s ign i f i can t .  " (Das and Vidhate, 1972, p.3) 
A l l  values a r e  averaged f o r  the  whole S t a t e  and no d i s t i n c t i o n  
i s  made between i r r i g a t e d  and u n i r r i g a t e d  areas. .  The inc reas ing  
t rend i n  y i e ld  observed s i n c e  1951, being assumed t o  be due to  
various development provanmes, a r e  sought t o  be tzken i n t o  account 
by intr,oducing "a s u i t a b l e  time s c a l e  l i n e a r  v a r i a b l e  i n  the regression 
ana lys i s  'I. 
The regression which i s  eventual ly  chosen on the above b a s i s  
includes  seven v a r i a b l e s  which toge ther  "explain about 73 per cent  
of t he  observed var iance i n  y i e ld  i n  1921-65 and 70 p e r  cent i n  
1951-65. The s i g n s  of t he  c o e f f i c i e n t s  f o r  each v a r i a b l e  a r e  t h e  
sane i n  both per iods ,  t h o u ~ h  the n n g n i t u d a  a r c  d i f f e r e n t .  Predicted 
y i e l d s  i n  1966-1970 a r e  c l o s e r  t o  the  expected y i e ld s  computed from 
the regress ion  f o r  t he  l o n , ~ r  time - c r i e s  ( t h e  d i f f e r ence  i s  wi th in  
4 perc8nt )  than from the regress ion  f o r  1950-65 (where t he  d i f fe rence  
i s  lround 10 pcr  cent .  
The paper  by Das e t .  a l .  a t t e n p t s  a  s i m i l a r  e x e r c i s e  f o r  
k h a r i f  paddy i n  t h r e e  r e g i o n s  of i.lysoru b a s e d  on y i e l d  d a t a  
f o r  pe r iods  r a n g i n g  from 24 y e a r s  i n  one r e g i o n  t o  53  y e a r s  
i n  a n o t h e r .  Again no d i s t i n c t i o n  i s  made between y i e l d  under 
i r r i g a t e d  and  u n i r r i g a t e d  c o n d i t i o n s ;  and w h i l e  t h e  change i n  
methods of y i e l d  e s t i m a t i o n  o f  t h e  1950 a r e  noted ,  t h e i r  i n p l i -  
c a t i o n s  f o r  t h e  c o n p a r a b i l i t y  of t h e  two s e r i e s  i s  n o t  cons ide red .  
A s  i n  t h e  s t u d y  of wheat i n  UP, a t i n e  t r end  v a r i a b l e  i s  i n t r o d u c e d  
i n  t h e  r e g i o n  t o  t a k e  o u t  t h e  e f f e c t  o f  r i s i n g  t r e n d  i n  y i e l d  after 
1950,  ,md t h e  r e g r e s s i o n  i s  e s t i n a t e d  f o r  t h e  l o n ~ e r  t i n e  
s e r i e s  and t h e  p o s t 4  950 p e r i o d  s e p ~ r a t e l y .  
The f o l l o w i n g  i s  a l ist  of t h e  e x p l a n a t o r y  v a r i a b l e s  found 
t o  have a  s i g n i f i c a n t  e f f e c t  on y i e l d  i n  each reg ion .  
Var rah le  C e n t r a l  Mysore I n t e r i o r  Mysorc I n t a r i o r  ilyso-- 
No. North South 
X2 R e s t r i c t e d  r ~ i n y  Iloan May Tenp Days 1 J u l y  - 15 Sept .  ~ u l ~ / S e ~ t .  S e p t .  Rainf-11 
5 Occasion of doughts  Juni? R,ainfn!? and f l o o d s  i n  ~ u ~ u s t /  
September 
x4 June r a i n f a l l  Occasion of d rough t  Occasicn o f  
and f l o o d  i n  d rough t  i n  
A U ~ U O  t / s e p t e n b i r  $dl y / h g u s t  
X5 Mean NRX. WDP. Mcan Max. Tcnp. J U ~ ~ / A U ~ U S ~  Ju ly  r a i n  ~ ~ l ~ / i l u : : ~ ~  st 
Square of July/ 
hagus t r ~ i n f n l l  2  X5 
X7 T ~ c h n o l o g i c a l  t r e n d  . 
The Me an maxinun temperature i n  ~ u l ~ / ~ u ~ u s t  o r  hly/ 
September a s  wel l  a s  inzidcnce of drought and f l oods  i n  
~ u g u s t / ~ e ~ t e m b e r  f i g r e  a s  s i g n i f i c a n t  va r i ab l e s  i n  a l l  
regions. With one o r -  two except ions ,  t h e  s igns  o f  t h e  
c o e f f i c i e n t s  a r e  a l l  the  sane i n  both t h e  per iods ,  but ,unl ike  
i n  the longer s e r i e s ,  a  ma jo r i t y  of t h e  r e g e s s i o n  c o z f f i o i e n t s  
f o r  t he  1950-64 per iod a r e  s t a t i s t i c " . l l y  non-s ignif icant  even 
though the  propor t ion  of var iance  explained by the repions 
exceed 90 percent .  Pred ic ted  o u t ~ u t s  between 1965 2nd 1968 
based dn r ep re s s ion  c o e f f i c i e n t s  f r o n  t h e  l onge r  s e r i e s  a r e  
i n  general q u i t e  c l o s e  t o  a c t u a l  output i n  c o a s t a l  Mysore; 
they do r a t h e r  l e s s  wel l  i n  t he  o t h e r  two regions  espec ia l ly .  
I n t e r i o r  Mysore South. The p r e d i c t i v e  power o f  t h e  r eg re s s ion  
based on the  s h o r t e r  s e r i e s  is  uniformly much poorer, the 
expected values d i v e r t ~ i n g  from t h e  a c t u a l s  by 10 percen t  or 
nore i n  8 out of 12 cases .  
Thot t he  models repor ted  i n  both th'se papers do so wel i  
i n  p red ic t ing  t h e  t i n e  s e r i e s  of a c t u a l  y i e l d s  and a l so  i n  
forecas t ing  t he  y i e l d s  f o r  a t  l e a s t  a  fou r  year  period beyond t h e  
, . 
t ine  span of t h e  s e r i e s  is  indesd  renqrkable.  I t  w m l d  be 
i n t e r e s t i n g  t o  know whether t he se  type of "nodels" do ns wel l  
i n  o ther  regions  f o r  which they  h.ave been t r i e d ,  whether they 
p red i c t -  ns well  t h e  y i e l d  o f  more r e c e n t  years  and wkether such 
work has.been extended t o  o t h e r  crops.  
Be t h a t  a s  i t  may, t h i s  type of appronch leEves one r : t i ~ ~ ~  
uneasy f r o n  a  nethodolo+cal v i ekpc in t  e s p e c i a l l y  when *-,n? i r ,  
t r y i n g  t o  undsrst-.nd the na ture  of crop-weather r e l n t i o n s .  
To take but one example. The f a i l u r e  to  d i s t i ngu i sh  y i e l d s  
o f  i r r i g a t e d  f r o n  r a in fed  land i s  obviously untenable because 
t h e  a f f e c t  of neteorologic?.l  f a c t o r s ,  e spec i a l ly  r a i n f s l l ,  
i s  a p t  t o  be very d i f f e r e n t  i n  t he ' two  cases.  Taking values 
of ne teoro logica l  f s c t o r s  as  (I s i n p l e  averages of  t he  values  
observed a t  t he  netereolo.qicz1 s t a t i o n s  is ques t ionable  i n  a  
s t a t e  a s  l a rge  and as  va r i ed  i n  c l i n ? t i c  ccndi t ions  as  UP. 
So i s  the  i l ichly e n p i r i c e l  approach t o  screen in,^ the  expla- 
na to ry  vnr icb les  using R~ 2nd t e s t s  of si,ynific(Ince of t h e  
c o e f f i c i e n t s  as the b a s i s  f o r  s e l e c t i n g  t hc  f i n a l  regress ion .  
The in t roduc t ion  of a  l i n e a r  t r end  v n r i z b l e  t o  e l i n i n a t e  techno- 
l o g i c a l  t rends  f o r  a  pa r t  of t he  s e r i e s  i s  h igh ly  a r b i t r a r y :  
For ins tance ,  both papers wsune th2.t t h e  technological  inprove- 
nent  and th s  consequent t rend r i s e  i n  y i e ld s  i s  n  pcst-1950 
phenonenon. The ,?rcphs of t h e  t i n e  s e r i e s  f o r  Mysore r ? i s e s  
s t rong  doubts about t h i s  issunpt ion.  I t  would seen t h a t  y i e ld s  
hnve been on ?. r i s i n g  t rend f ron  t h e  e x r l y  f o r t i e s  i n  Cuntral 
Mysore and i n t a r i o r  Mysore South and f ron  t h e  n i d - t h i r t i m  i n  
I n t e r i o r  Mysore North. And i n  Ccn tml  Mysore, t h e  r i s i n g  t rend 
rrfter e a r l y  f o r t i e s  was preceded by two d+c?des o r  nore  of a 
s e c u l n r  dec l ine  i n  y i e ld s .  That these  aspects  a r e  n o t  t.&en i n t o  
c o m i d m n t i o n  i n  t h e  ans lys i s  nzkes these r e ~ r c s s i o n  nodels of 
l F n i t e d  v?lue as  a b i s i s  f o r  understanding crop-weather r e l a t i o n  
Conclusion 
The above rev iew i s  O ~ Q ~ O U S ~ ~  fnr f r o n  complete i n  i t s  
coverage o f  thc  work done a t  IPlD and  o t h e r  s c i e n t i f i c  bodies  
on crop weather r e l a t i o n s .  But i n  s o  f a r  a s  t h e  pape r s  covered 
f o r n  s f a i r l y  r e p r e s e n t a t i v e  c r o s s - s e c t i o n  of t h e  work, we c o u l d ,  
a t  some r i s k ,  a t t empt  t o  s u n n a r i s e  t h e  s t a t e  o f  -knowSe-dge they  
r e f l e c t :  I t  is e v i d e n t  t h a t  t h e  AICIJS w ? s  a w e l l  des izned enqu i ry  
and t h a t  i t  d i d  g e n e r a t e  a u a s s  6 f  crop-weather i n f o r n a t i o n  undcr 
c o n t r o l l e d  c o n d i t i o n s  f o r  d i f f e r e n t  p a r t s  of t h e  count ry .  Unfortu- 
fiat& m w : h  o f  this d a t a  r e n a i n s  unpublished,  and i t s  q u a l i t y  and, 
u t i l i t y  f o r  a n a l y s i s  o f  weather-y ie ld  r e l a t i o n s  r e n a i n s  t o  b e  
p roper ly  t e s t e d .  The r a n 3 1 y t i ~ ? l  work done on this bcdy of d a t a  
i s  f a r  too inadequqte  a b a s i s  , o r  e v a l u a t i n g  t h ,  AIC'G. This  work 
opens up i n t e r s s t i n ;  p o s s i b i l i t i e s  b u t  t h . y  need t o  be t r i e d  ou t  
on many more s t a t i o n s  and c r o p s  on t h e  b a s i s  o f  much c l o s e r  and 
conscious i n t e r - n c t i o n  w i t h  p l m t  s c i e n t i s t s  t o  e n a b l e  f o r n u l a t i o n  
o f  meaningful hypotheses f o r  t e s t i n g .  Thi f o r e c a s t i n g  oodels  b c s e d  
on macro da ta ,  be ing  h i g h l y  e m p i r i c a l  i n  t h e i r  approach, a r e  o f  
doub t fu l  va lue  f o r  under s t and ing  weather  y i e l d  r e l a t i o n s ;  b u t  seen  
t o  be q u i t e  good f o r  s t a t i s t i c 3 1  p r e d i c t i o n s  of y i e l d  g iven  th'e 
va lues  o f  t h e  n e t  v a r i a b l a s .  Here a g a i n  i t  would b~ u s e f u l  t o  
examine (a) t h e  p r e d i c t i v e  power o f  t h e s e  n o d e l s  i n  t h e  case  o f  
o t h e r  crops and  regi ,ons f o r - w h i c h  t h e y  h l v e  been a t t e n p t e d ,  a s  w e l l  
as ( b )  t h e  c loseness  ~ . pf a c t u a l  yiLilds. t b  t h e  advance y i e l d  f o r e c a s t  
r e p o r t e d l y  made by  the  I M D  e v e r y  y e - r  f o r  u s e  3f t h e  N i n i s t r y  o f  
Agr icu l tu re .  
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